P
roteases have been linked to the cascade of pathological alterations involved in atherosclerosis. The lysosomal cysteine proteases, or cathepsins, 1 recently received much interest in the vascular field. 2 Large-scale gene-expression studies indicated differential expression of cathepsin B, L, S, and H mRNAs in atherosclerotic human and mouse arteries. [3] [4] [5] [6] Cathepsin S, D, F, K, L, and V proteins [7] [8] [9] [10] were present in human atheromata. Interestingly, cysteine proteases account for 40% of the total elastase activity of human atheroma extracts. 7 
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Genetic disruption of the cathepsin S gene reduced plaque progression in LDL receptor-deficient mice 11 and inhibited angiogenesis. 12 Cathepsin L is required for endothelial progenitor cell-induced neovascularization. 13 In addition, a decrease in cystatin C levels, the most abundant extracellular inhibitor of cysteine proteases, 14 was frequently observed in patients with severe vascular disease. 15 Apolipoprotein (apo) E Ϫ/Ϫ mice deficient in cystatin C developed atherosclerotic plaques that were rich in collagen and smooth muscle cells (SMCs) and developed progressive aortic dilatation. 16 These data indicate an important role for cathepsins in plaque progression.
In a recent suppressive subtractive hybridization analysis of whole-mount human atherosclerotic plaques that compared stable atherosclerotic plaques and plaques containing thrombus, we identified upregulation of cathepsin K (catK) in advanced stable plaques. 17 catK is composed of a 15-residue N-terminal signal peptide, a 99-residue propeptide, and a mature protein of 215 amino acids. catK is the most potent mammalian elastase yet described and harbors unique collagenolytic activity. 18, 19 catK was originally identified in an osteoclast cDNA library, but it has since been found to be expressed in many tissues, such as arteries, breast, ovary, stomach, and lung. 7,18,20 -22 In the present study, we show that catK mRNA and protein expression is highly upregulated in advanced human atherosclerotic lesions. We further investigated the role of catK in atherosclerosis by studying mice deficient in apoE (apo Ϫ/Ϫ ) and catK (ie, catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice). Here we show that a deficiency of catK not only reduces plaque progression and induces fibrosis but also affects macrophage foam cell formation.
Methods

Tissue Sampling
Atherosclerotic plaques were obtained from patients undergoing vascular surgery (Department of General Surgery, Academic Hospital, Maastricht, the Netherlands) or at autopsy (Department of Pathology, Academic Hospital Maastricht, the Netherlands). Vascular specimens were processed as described 17 and classified according Virmani et al. 23 
Dot Blot Analysis
Five dot blots containing catK cDNA (Ϸ20 ng per spot) were hybridized at high stringency with 32 P-labeled (High Prime, Boehringer Mannheim) SMART cDNA derived from pooled (nϭ3 per group) whole-mount human vascular plaques. 17 Hybridization signals from (1) nondiseased arteries, (2) early atherosclerotic lesions, (3) advanced stable plaques, (4) lesions containing thrombus, and (5) veins were quantified by PhosphorImager analysis (Quantity One, Bio-Rad) and normalized for the signals of RNA polymerase II and human genomic DNA.
Reverse Transcription-Polymerase Chain Reaction
RNA was isolated from individual samples of veins (nϭ5), nondiseased arteries (nϭ4), early atherosclerotic plaques (nϭ5), advanced lesions (nϭ10), and lesions with thrombi (nϭ10), and reverse transcriptase-polymerase chain reaction (RT-PCR) was performed for catK and glyceraldehyde 3-phosphate dehydrogenase.
Western Blot Analysis
Blots were incubated with mouse monoclonal anti-catK antibody (5 g/mL, Calbiochem) or phosphate-buffered saline, and horseradish peroxidase-coupled rabbit anti-mouse antibody (1:1000, Dako). Specific antibody binding was visualized by enhanced chemiluminescence (Amersham Pharmacia Biotech).
Animals
ApoE
Ϫ/Ϫ mice on a C57BL6 background were obtained from Iffa Credo (Lyon, France) and backcrossed 5 to 7 times to catK Ϫ/Ϫ mice (C57BL6 background; P. Saftig). During the experimental period, mice were fed a normal chow diet. At the age of 26 weeks, male catK Ϫ/Ϫ /apoE Ϫ/Ϫ (nϭ7), apoE Ϫ/Ϫ (nϭ8), and catK Ϫ/Ϫ (nϭ8) mice were humanely killed after an 8-hour fast. Blood was obtained, and after in situ perfusion-fixation, the complete arterial tree was excised and fixed as described previously. 24 The aortic arch including its main branch points (brachiocephalic trunk, right and left common carotid arteries, and left subclavian artery) were embedded longitudinally and cut into Ϸ40 sections. A series of twenty 4-m sections, which represented the central area of the arch with an intact morphology of the complete arch including branch points, was analyzed as described previously. 24 
Lipid Profile
For assessment of lipid profiles, standard enzymatic techniques, automated on a Cobas Fara centrifugal analyzer (Hoffmann-La Roche), were used (kit Nos. 0736635, 543004, and 0148270, Hoffmann-La Roche; and kit No. 337-40A/337-10B; Sigma Chemical Co).
Evaluation of Possible Systemic Effects
More than 20 organs were excised from 4 mice per group and analyzed by microscopy of 4-m sections stained with hematoxylin and eosin. Fluorescence-activated cell sorting (FACS) analysis of lymph nodes, blood, and spleen was performed as described previously. 25 
Histology and Morphometry of Mouse Plaques
For histological analysis and morphometry, 4 sections (20 m apart) were stained with hematoxylin and eosin, and 4 consecutive sections (also 20 m apart) were stained with Lawson solution to stain the elastic laminas. Sirius red staining was performed to detect collagen. Morphometric parameters were determined as described previously. 24, 26 Atherosclerotic lesions were analyzed and classified according to Virmani et al. 23 Because the data among the initial plaque stages (intimal thickening and intimal xanthomas) and among the advanced atherosclerotic lesions (thin and thick fibrous cap atheromas and fibrocalcified plaques) were similar, data are presented for these 2 groups: initial lesions and advanced lesions.
Immunohistochemistry
(Double) immunohistochemistry was performed as described before 24, 25 with the following antibodies: anti-catK antibody (mouse monoclonal, 50 g/mL; Calbiochem), ␣-smooth muscle actin monoclonal antibody (1:500, Sigma) as a marker for vascular SMCs and myofibroblasts; MAC3 rat monoclonal antibody (1:30, Pharmingen) to detect macrophages; CD3 polyclonal antibody (A0452, 1:200; Dako) to detect T lymphocytes; and CD36 27 and scavenger receptor (SR)-A antibodies (chicken and rabbit polyclonals; kind gifts of Prof de Beer and Prof A. Daugherty, University of Kentucky, Lexington) to determine SR immunoreactivity.
Bone Density Measurements
Trabecular mineral density (mg/cm 3 ), total bone area (mm 2 ), cortical mineral density (mg/cm 3 ), and cortical thickness (mm) of the left femur were assessed in cross section by peripheral quantitative computed tomography (model XCT-960A, Norland Stratec) with a voxel size of 0.08 mm and a threshold of 0.464.
BM-Derived Macrophages
Bone marrow (BM) was flushed from the femurs and tibias of 20-to 25-week-old apoE Ϫ/Ϫ and catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice and cultured for 8 days in RPMI medium containing L-glutamine, HEPES, 10% fetal calf serum, and 100 IU/mL penicillin/streptomycin with the addition of 15% L929 cell-conditioned medium to induce differentiation into macrophages. 28 
Migration Assay
To determine transmigration of BM-derived macrophages, BD Biocoat Matrigel invasion chambers (BD Biosciences), serving as a reconstituted basement membrane in vitro, were used. The transmigration assay was carried out at 37°C for 24 hours (with monocyte chemoattractant protein) followed by toluidine blue staining. Ten microscopic fields were randomly chosen to count transmigrated cells.
Trypan Blue Exclusion Test
To determine the viability of both apoE Ϫ/Ϫ and catK Ϫ/Ϫ /apoE Ϫ/Ϫ BM-derived macrophages, a trypan blue exclusion test was performed. After incubation with or without oxidized (ox) LDL for 24 hours, vital and nonvital (trypan blue-colored) cells were counted in 10 microscopic fields per sample.
LDL Extraction and Oxidation and Uptake of oxLDL
LDL was extracted from fresh human plasma by graded ultracentrifugation. The LDL was oxidized by overnight incubation at 37°C with CuSO 4 . oxLDL was labeled with the fluorescent lipid 1,1Ј-dioctadecyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine perchlorate (DiI; Molecular Probes). BM-derived macrophages were incubated with 25 g/mL DiI-labeled oxLDL for 0.5, 1, or 3 hours. The SR inhibitor poly(I)lysine (20 g/mL) was added 5 minutes before the DiIlabeled oxLDL incubation. OxLDL uptake was determined by FACS (BD Biosciences).
High-Performance Thin-Layer Chromatography
To determine the composition of lipid storage by BM-derived macrophages, high-performance thin-layer chromatography (HPTLC) was performed. Cells were incubated with 25 g/mL oxLDL for 24 or 48 hours. Cellular lipid accumulation per milligram protein was analyzed by HPTLC. Cholesterol acetate in chloroform (20 g/mL) was used as an external standard.
Quantitative Real-Time PCR for SR-A and CD36
RNAs from aortic arches of 26-week-old catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice (nϭ11) and apoE Ϫ/Ϫ mice (nϭ11) were used for real-time PCR analysis. cDNA was diluted to a concentration of 2 ng/L. The Bio-Rad MyIQ single-color real-time PCR detection system with Optic system software version 1.0 was used for real-time PCR. For each PCR, 10 ng cDNA, 2ϫ universal PCR master mix, 300 nmol/L forward primer, 300 nmol/L backward primer, and 200 nmol/L Taqman probe were added to a final volume of 25 L. PCR amplification of the housekeeping gene cyclophilin and of SR-A and CD36 was performed according to standard procedures (1 cycle at 50°C for 2 minutes, 1 cycle at 95°C for 10 minutes, followed by 50 cycles of 95°C for 15 seconds and 60°C for 1 minute). A standard curve was generated for all experiments, and all assays were performed in duplicate. Relative RNA copy numbers were calculated from standard curves that were obtained by serial dilution of quantified template cDNA. The expression of each target gene was normalized to the expression of the housekeeping gene cyclophilin.
Electron Microscopy
For analysis of lysosomal compartments, BM-derived macrophages were incubated with 25 g/mL oxLDL for 24 hours at 37°C (5% CO 2 ), fixed in 2.5% glutaraldehyde, embedded in 10% gelatin blocks, postfixed in 1% OsO 4 solution, dehydrated, and embedded in epoxy resin. Ultrathin sections were mounted on Formvar (1595 E, Merck)-coated 75-mesh copper grids and counterstained with uranyl acetate and lead citrate before analysis in a Philips CM100 transmission electron microscope. Ten electron microscopic fields for each condition were measured. Individual lysosomal area was determined with ImageJ software (http://rsb.info.nih.gov/ij/).
Statistical Analysis
When nϽ30, groups were compared by the nonparametric MannWhitney U test. In this case, data are expressed as means and interquartile ranges. When nϾ30, a parametric Student t test was performed, and data are expressed as meanϮSEM. Data were considered statistically significant at PϽ0.05.
Results catK mRNA Expression During Human Atherogenesis
catK mRNA is expressed at a low level in human veins, nondiseased arteries, and early atherosclerotic lesions ( Figure 1A ). Expression was upregulated by 28-fold in advanced but stable lesions when compared with early lesions and by 11-fold when compared with lesions containing thrombus. In addition, RT-PCR analysis of individual samples revealed no detectable catK expression in veins and nondiseased arteries, whereas 20% of early lesions, 70% of advanced lesions, and 30% of lesions containing a thrombus tested positive ( Figure 1B ).
catK Protein Expression
In lysates from individual early lesions, advanced stable lesions, and advanced lesions containing a thrombus (nϭ3 per group), at least 3 catK protein products were distinguished: the pre-proenzyme of 40 kDa, a proenzyme of 37 kDa, and the mature enzyme with a molecular weight of 27 kDa. Expression of mature catK was upregulated by Ͼ50-fold in stable lesions when compared with early lesions and by 6.5-fold when compared with lesions containing a throm- Figure 1 . catK mRNA expression in different stages of plaque development. A, Two sets of 5 identical dot blots containing catK cDNA were hybridized to pools of 32 P-labeled cDNA derived from human veins, nondiseased arteries, early lesions, advanced stable lesions, and lesions with thrombus. Expression levels were normalized to the hybridization signals for genomic (Gen.) DNA and RNA polymerase (pol.) II. B, RT-PCR analysis of mRNA isolated from veins, nondiseased arteries, early lesions, advanced stable lesions, and lesions containing thrombus. GAPDH indicates glyceraldehyde 3-phosphate dehydrogenase.
bus ( Figure 2B ). In addition, we observed a Ͼ50-fold increase in the expression level of an Ϸ20-kDa immunoreactive band, presumably representing a catK degradation product, in stable lesions when compared with early lesions and a 4.5-fold increase when compared with lesions with a thrombus.
In atherosclerotic plaques, catK was expressed in SMCs, macrophages, and endothelial cells ( Figure 3A through 3C). In human veins, nondiseased arteries, and early atherosclerotic lesions ( Figure 4A ), catK expression was low. However, strong immunoreactivity was present in stable lesions ( Figure 4B ). The fibrous cap, shoulder region, and rim of the lipid core particularly showed high levels of catK protein immunoreactivity. Lesions containing a thrombus revealed intermediate levels of immunoreactivity, with a pattern similar to that observed in advanced stable lesions ( Figure 4C ). catK protein was also expressed at the actual site of plaque rupture ( Figure 4D ). Advanced lesions in apoE Ϫ/Ϫ mice showed high levels of catK expression in the cytoplasm of vascular endothelial cells, neointimal and medial SMCs, and macrophages. As expected, catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice showed no expression of catK ( Figure 4E and 4F) .
In Vivo Validation
Survival rates of catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice, apoE Ϫ/Ϫ mice, and catK Ϫ/Ϫ mice were 100% in all 3 groups. Body weights were similar. Autopsy (Ͼ20 organs) revealed no macroscopic or microscopic abnormalities in sections stained with hematoxylin and eosin, except for the increased trabecularization of long mice, as previously described. 29 The observed increase in bone trabecularization was further substantiated by bone density measurements, showing a 2-fold increase in trabecular bone density in catK Ϫ/Ϫ and catK
/apoE Ϫ/Ϫ mice when compared with apoE Ϫ/Ϫ mice (Data Supplement Table) . FACS analysis revealed no differences in the amount of CD3-positive cells (T cells), in the activation status of T cells between the groups (CD4 to CD8 ratio, CD25ϩ T cells), and the amount of GR-1-positive cells (macrophages) in lymph nodes, blood, and spleen, confirming the absence of extensive systemic effects of catK deficiency on T-cell number and activation or macrophage number (data not shown).
Although there was a trend toward higher total cholesterol, LDL, and triglyceride levels and lower HDL levels in catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice compared with apoE Ϫ/Ϫ mice, these changes were not significant (Table 1) . Figure 5B ), whereas the number of initial plaques was increased ( Figure 5A ). This finding indicates an important role for catK in atherosclerotic plaque progression.
Plaque Burden
Plaque Composition
In addition to the decrease in plaque progression and plaque area, significant differences in plaque composition between catK Ϫ/Ϫ /apoE Ϫ/Ϫ and apoE Ϫ/Ϫ mice were observed. As expected, a deficiency of catK had a profound effect on plaque extracellular matrix content. Figure 6E and 6F). The relative plaque macrophage content showed a borderline significant decrease ( Figures  5D, 6G, and 6H ). T-lymphocyte content and lipid core area showed no significant differences in both initial and advanced lesions between catK Ϫ/Ϫ /apoE Ϫ/Ϫ and apoE Ϫ/Ϫ mice (see Table 2 ).
Migration Assay
Transmigration of BM-derived macrophages was tested in a Matrigel matrix assay. In both groups, large numbers of cells transmigrated (88% to 90%), without any differences noted between apoE Ϫ/Ϫ and catK Ϫ/Ϫ /apoE Ϫ/Ϫ BM-derived macrophages (PϾ0.05). The trypan blue exclusion test showed no difference in cell death after 24 hours of oxLDL incubation between the groups (PϾ0.05).
Mechanisms of Foam Cell Formation: In Vitro Studies
Because disruption of the catK gene resulted in an increase of macrophage size in atherosclerotic lesions of catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice, macrophage size, lysosomal area, oxLDL uptake, and subsequent storage of cholesterol esters were quantified in BM-derived macrophage foam cells in culture.
As our in vivo atherosclerosis data have already shown, macrophage area (as determined by DiI-oxLDL-positive staining) in vitro increased significantly (300%) in the absence of catK after 24 hours of incubation with oxLDL ( Figure 7A and 7B) . Furthermore, FACS analysis revealed increased uptake of DiI-labeled oxLDL in BM-derived macrophages in the absence of catK after 0.5, 1.0, and 3.0 hours (Pϭ0.0286 at all 3 time points; Figure 7C ). Poly(I)lysine, an SR inhibitor, reduced oxLDL uptake by 76% to 80% at 3.0 hours in both groups ( Figure 7C ), indicating that the increased oxLDL uptake was SR mediated. To investigate which SRs were responsible for the enhanced foam cell formation in catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice, immunohistochemistry and real-time PCR analysis for SR-A and CD36 were performed. Interestingly, both mRNA expression and immunoreactivity for SR-A did not differ between plaque macrophages of catK Ϫ/Ϫ /apoE Ϫ/Ϫ and apoE Ϫ/Ϫ mice ( Figure 8 ). However, CD36 mRNA and protein expression was significantly increased in plaques lacking catK (Figure 8 ), indicating that CD36 is one of the SRs responsible for the increased foam cell formation in the absence of catK.
HPTLC revealed that catK Ϫ/Ϫ /apoE Ϫ/Ϫ BM-derived macrophages incubated for 24 hours with oxLDL showed a 53.7% (Pϭ0.004) increase in cholesterol ester levels compared with apoE Ϫ/Ϫ BM-derived macrophages ( Figure 7D ). No significant differences were seen in free cholesterol levels (data not shown).
Electron microscopy revealed an increase in lysosomal area in macrophages (nϭ10) in the absence of catK (mean lysosomal size of nϾ1000 lysosomes in catK Figure 7E ).
These data illustrate the increased SR-mediated uptake of oxLDL, predominantly by CD36, in catK Ϫ/Ϫ /apoE Ϫ/Ϫ BMderived macrophages, which results in increased storage of cholesterol esters in large lysosomal compartments.
Discussion
In the present study, we have shown that catK mRNA and protein are predominantly expressed in advanced atherosclerosis and that catK is involved in plaque progression. The elevated levels of catK mRNA and protein in stable human lesions are in agreement with the observation of Sukhova et al, 7 who reported high levels of catK in human atheromata. Moreover, other Values are medians and interquartile ranges.
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closely related family members of the cathepsin family, such as S, D, F, L, and V, were also found in human and mouse atherosclerotic plaques 3,7,9,10 as well as in restenotic lesions of rabbits and rats. 30, 31 Interestingly, when compared with values in advanced stable plaques, catK mRNA and protein levels were decreased in plaques containing a thrombus. We hypothesize that this decrease in catK levels is due to the fact that plaque rupture, ie, an event associated with high collagenolytic activity, 
/apoE
Ϫ/Ϫ macrophages that were incubated for 24 hours (nϭ6) with oxLDL showed a 32% increase in cholesterol ester (CE) levels compared with apoE Ϫ/Ϫ macrophages (Pϭ0.004). Incubation for 48 hours (nϭ3) showed the same trend but did not reach statistical significance (Pϭ0.050). E, Lysosomal area has increased in macrophages from catK has already taken place in lesions containing an organized thrombus. Consequently, catK levels decrease. Plaques containing a thrombus are in an "active wound-healing" phase, which also requires deposition of collagen rather than extensive collagen breakdown. Because catK levels in plaques containing a thrombus are still higher compared with initial atherosclerotic lesions, we think that catK is also involved in the healing process after plaque rupture. In advanced atherosclerotic lesions of apoE Ϫ/Ϫ mice, a deficiency of catK resulted in a highly fibrotic plaque phenotype. This phenomenon was not observed in cathepsin S Ϫ/Ϫ /LDL receptor Ϫ/Ϫ mice. 32 Although most cathepsin family members show elastolytic and some collagenolytic activity, catK is the most potent collagenase, capable of cleaving triple-helical collagens at multiple sites. [33] [34] [35] The unique collagenolytic property of catK may explain the fibrotic phenotype observed in catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice. The fibrotic phenotype was also observed in a model of bleomycin-induced lung fibrosis, in which catK Ϫ/Ϫ mice exhibited significantly more fibrosis than did wild-type mice. 22 Moreover, a deficiency of catK reduced the number of elastin breaks in the media underlying the plaque, indicating that aneurysm formation might be prevented in the absence of catK. No true plaque ruptures or intraplaque hemorrhages were observed in any of the groups.
The deficiency of catK in apoE Ϫ/Ϫ mice not only affected the extracellular matrix component of atherosclerotic plaques but also had a profound effect on macrophage foam cell formation. A deficiency of catK increased the SR-mediated uptake of oxLDL and increased storage of cholesterol esters in macrophages. Moreover, electron microscopic analysis of macrophage foam cells revealed increased lysosomal size in the absence of catK. These phenomena resulted in the large macrophage foam cells that were observed in the plaques of catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice and in our cell culture studies. Cathepsins D and F are known inducers of foam cell formation that modify LDL, which increases macrophage LDL uptake and facilitates the binding of modified LDL to proteoglycans. 9 However, the exact mechanism by which catK induces foam cell formation still needs to be investigated, although our data point toward an SR-mediated process with a role for CD36 in particular. Interestingly, reports on the role of CD36 in atherosclerosis are somewhat ambivalent, with some claiming a proatherogenic role for CD36 in plaque formation 36 whereas others do not. 37 However, regulation of the uptake of oxLDL of plaque macrophages is a complex process with many players, 38 of which the catK-SR axis might by an important one.
Cathepsins are also involved in the modulation of cholesterol efflux. At neutral pH, cathepsin F but not catK is able to partially degrade lipid-free apoA-I and partially inhibit cholesterol efflux, whereas cathepsin S is capable of completely inhibiting cholesterol efflux. 39 However, at pH 5 to 6, catK inhibits cholesterol efflux as well by inhibiting apoA-I-induced efflux. Therefore, it might be expected that a deficiency of catK would increase cholesterol efflux. However, because catK is only indirectly involved in the inhibition of cholesterol efflux, 39 this increase in cholesterol efflux might not be sufficient to compensate for the increase in foam cell formation in catK Ϫ/Ϫ /apoE Ϫ/Ϫ mice. The present study shows a dual effect for catK in atherogenesis: Absence of catK induces extracellular matrix deposition and accelerates foam cell formation. From an atherosclerosis treatment perspective, these effects seem somewhat contradictory but can be explained. Cathepsins are predominantly synthesized and targeted to the acidic compartments of the cell, lysosomes and endosomes. In these compartments, pH is optimal for their activity, and it is here that cathepsins degrade unwanted intracellular or endocytosed proteins such as modified LDL. However, although cathepsins have a very narrow pH optimum (pH 4 to 6), they have also demonstrated activity in media of cultured macrophages, endothelial cells, and SMCs. 11, 15, 40, 41 When macrophages make contact with the extracellular matrix, a localized acidic environment is formed that allows cathepsins to degrade the extracellular matrix. 41 In atherosclerotic plaques, the microenvironment is somewhat acidic owing to inflammation and hypoxia, 42 which facilitate the actions of cathepsins. A deficiency of catK thus limits the degradation of modified LDL and at the same time, prevents degradation of the extracellular matrix, thereby inducing atherosclerotic plaques with large macrophage foam cells and profound plaque fibrosis.
Our findings on the in vivo function of catK in ApoEdeficient mice and its expression profile in human atherosclerotic lesions identify catK as a potential therapeutic target. Assuming similar effects in humans, inhibition of catK activity could lead to decreased plaque progression and increased plaque stability. In addition, inhibition of catK activity might be beneficial in the treatment of osteoporosis, as catK deficiency, both in humans and in mice, resulted in a significant increase in trabecular bone density. However, the role of catK on foam cell formation and serum lipid levels should be taken into account. Deficiency of catK aggravates foam cell formation that may affect plaque stability. Moreover, catK Ϫ/Ϫ /ApoE Ϫ/Ϫ mice showed a trend toward increased serum cholesterol, LDL cholesterol, and triglyceride levels and decreased HDL levels. Therefore, combination therapy using a catK inhibitor and a lipid-lowering drug such as a HMG-CoA reductase inhibitor may be preferable.
